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Abstract  

Benthic fish assemblages were compared in 2016-2017 among three 

different bank types in the Lower Mississippi River (LMR) using hoopnets: 

Articulated Concrete Mattress (ACM) along main channel banks, natural 

banks along main channel, and natural banks in a secondary channel. 

Species richness was highest in secondary channels (21 species), followed 

by ACM (20 species), and natural banks (16 species). However, abundance 

of dominant species (i.e., Flathead Catfish, Blue Catfish, Freshwater Drum, 

and Buffalo) differed seasonally. Blue Catfish were more abundant along 

natural banks and secondary channels during the summer. Flathead 

Catfish abundance peaked during the summer in the secondary channels 

but were also abundant along ACM year-round. Freshwater Drum 

abundance was highest along natural banks in the winter and ACM in the 

spring. Juvenile Buffalo utilized secondary channels in the winter 

indicating the importance of these habitats for over-wintering fishes. 

Comparison of the native benthic fish assemblage between 1985 and 

2016-17 revealed minimal differences in species composition and 

abundance indicating long-term stability and resilience of LMR fishes. An 

exception was the prevalence of Asian Carp (Silver and Bighead), which 

were two to three times higher than any native species.  
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1 Introduction  

Background 

The Lower Mississippi River (LMR) meanders within the confines of the 

mainline levee system for almost 1,000 miles to the Gulf of Mexico 

creating two major types of riverbank habitat. The concave side of the 

meander loop typically has high velocities forming steep (30 degrees to 

almost vertical), erosional banks consisting of consolidated clays and silts 

(Baker et al. 1988). The convex side is depositional due to lower water 

velocities forming large, primarily sand pointbars. The river straightens 

between meander loops as the thalweg crosses the channel with both types 

of bank habitats present along its course.  

The erosional nature of concave banks leads to channel instability that 

could impact minimum commercial navigation depth and undermine 

nearby levees. Therefore, the Mississippi River and Tributaries (MR&T) 

Project authorized the construction of almost 1,000 miles of revetment to 

stabilize river banks (Benjamin et al. 2016). Banklines are cleared of trees 

and woody debris, graded to a lower slope (<30 degrees), riprap is placed 

near the top bank, and Articulated Concrete Mattress (ACM) is laid from 

the top bank to the edge of the channel up to water depths of 120 feet (ft) 

(Baker et al. 1988). Articulated Concrete Mattress is formed by linking 

concrete blocks with corrosion resistant wires into units and deployed 

from a vessel known as the Mat Sinking Unit, a vessel uniquely designed 

for this purpose (Figure 1 ï Mat Sinking Unit). Each block is 4 ft long, 18 

inches (in.) wide, and 3 in. thick and each linked unit is 25 ft long by 4 ft 

wide (Pokrefke 2012). Horizontal grooves are formed in each concrete 

block to increase the surface area for macroinvertebrate attachment 

(Baker et al. 1988).  
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Figure 1. Mat Sinking Unit operating on the Mississippi River; inset of ACM grooves. 

  

The conversion of natural steep banks to ACM has ecological 

consequences. The aquatic invertebrate fauna shifted from burrowing 

mayflies (i.e., Pentagenia vittiqera and Tortopus incertus) to net-spinning 

caddisflies (primarily Hydropsyche orris) (Baker et al. 1988). The effect 

on fish foraging is unknown. In addition, the loss of trees and woody 

debris from bank clearing and stabilization, as well as snag removal 

operations in the early to mid-1900s, reduced instream habitat complexity 

and substrates for macroinvertebrate colonization. The benefits of woody 

debris on habitat quality and aquatic biodiversity are well established in 

the literature (Wondzell and Bisson 2003).  

ACM does provide a supplemental hard substrate sometimes used by 

gravel-spawning riverine fishes. Pallid Sturgeon were documented with 

sonic telemetry spawning over revetted banks in the Missouri River 

(DeLonay et al. 2016). ACM tends to buckle over time, creating 

depositional areas that increase substrate heterogeneity in high-velocity 

habitats, and forms crevices used as velocity refugia by rheophilic fishes 

and macroinvertebrates. Periphyton has been observed covering ACM in 

shallow, lower-velocity habitats, which based on previous studies, is 

grazed upon by small invertebrates, fishes, and other aquatic animals and 

contributes considerably to the productivity of aquatic ecosystems, natural 

or human-made (Azim 2009). 
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Objectives 

Physical, chemical, and biological surveys were made along three revetted 

and two natural banks in the LMR during the summer and fall of 1985 

(Baker et al. 1988). This was the first ecological study of riverbanks along 

the LMR. The present study was initiated to compare benthic fish 

assemblages among riverbank habitats over a 30-year time period (1985 

and 2016-17). The same collecting gear (i.e., 3 ft diameter hoopnet) was 

used in both studies. The 2016-17 study also included 4 ft diameter 

hoopnets to target larger benthic fish and evaluate the relative abundance 

of Asian Carp (Hypophthalmichthys sp.) in the collections. In addition, 

the 2016-17 study sampled secondary channel river banks because of their 

importance to the LMR Conservation Plan (Killgore et al. 2014) and 

Biological Opinion (USFWS 2013) as key habitats for the three endangered 

species in the LMR: Pallid Sturgeon, Fat Pocketbook Mussel, and Interior 

Least Tern.  

Approach 

The approach is presented in Chapter 2 Methods. 
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2 Methods  

Sampling with hoopnets occurred along the Island 82 reach in the LMR 

from River Mile 542 to 547 (Figure 2). The ACM and natural bank sites 

were positioned along the concave side of the main channel. The lower 

reach of Island 82 chute was sampled as the secondary channel site. The 

three sites were sampled two to three times seasonally from December 

2016 to November 2017.  

Figure 2. Sampling locations on the Mississippi River. 
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Hoopnets were constructed of fiberglass hoops and tarred nylon netting 

using 5/16 in. braided polypropylene. Two sizes of hoopnets were used 

targeting a wide range of benthic species: 3 ft diameter opening, seven 

hoops, 10 ft long, 1 in. square mesh; 4 ft diameter opening, seven hoops, 13 

ft long, 3 in. mesh. The former was used by Baker et al. (1988) in the 

original hoopnet study of LMR bank habitats. The latter are typically used 

by commercial fisherman in the LMR. All hoopnets were placed close to 

the bank to minimize confounding influences of water depth, water 

velocity, and distance from shore. Unbaited nets were deployed during the 

afternoons and retrieved the following morning, with an average (Ñ1 

standard deviation) soak time of 20 Ñ 0.9 hours. Fish were identified in 

the field, total length measured, and released.  

Physical habitat measurements were taken at each hoopnet to characterize 

the fluvial environment associated with benthic fish assemblages. Depth 

was recorded with a transom-mounted depth finder; surface water velocity 

was recorded with a Marsh-McBirney Flo-Mate, Model 2000; distance 

from shore was measured with BushnellÈ laser rangefinder (Pro1600), 

and each hoopnet was georeferenced using a hand-held Garmin GPSMAP 

64st (datum WGS 84). Water quality parameters were measured on the 

surface with a YSI Pro DSS once per trip near the center of each site and 

included dissolved oxygen (milligrams per liter), pH, conductivity 

(microsiemens per centimeter), water temperature (CÁ) and turbidity 

(Nephelometric Turbidity Unit).  
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3 Data Analyses  

Relative abundance (catch per unit effort [CPUE]) was compared among 

the three riverbank types, and the 3 ft hoopnet collections in 1985 were 

compared with those from 2016-17. CPUE is defined as number of 

individuals per species or species guild caught per hoopnet night.  

Different-size hoopnets were analyzed separately because size of fish 

entering the net and retention were dependent on mesh size and hoop 

diameter. Abundance data were 4th-root transformed to down-weight 

highly abundant taxa while still taking into account rare species, and a 

dummy variable (n=1) was added to each sample to mathematically adjust 

for sparsity within the data table (Goodsell and Connell 2002). A 

resemblance matrix of transformed species abundances was created by 

computing Bray-Curtis similarity indices for each assemblage comparison 

(Clarke and Gorley 2015). Differences in community composition among 

sites were tested on the resemblance matrix using a one-factor (fixed effect 

= habitat type) permutational multivariate analysis of variance 

(PERMANOVA) performed using PRIMER software, version 7 (PRIMER-

e, QUEST Research Ltd.). This test estimates, through permutation, a 

Pseudo-F statistic analogous to the univariate F-statistic and an associated 

p value (Clarke et al. 2014). The test statistic of PERMANOVA indicates 

the significance value among the three different habitats. Similarity 

percentages were calculated (SIMPER, 80% cutoff for low contributions) 

on CPUE values to determine which species contributed to the similarity 

pattern depicted among groups (i.e., typifying species), as well as those 

species that contribute to the dissimilarity between groups (i.e., 

discriminating species).  

Differences in the abundance of individual species or taxonomic groups 

among habitats and seasons were analyzed using a mixed model analysis 

of variance (ANOVA) to account for repeated measures covariance 

structure because fixed stations were sampled over four seasons. Repeated 

sampling of the same sites violates the assumption of independence 

among observations. For this application, a mixed design partitioned the 

variation due to fixed sampling stations and the temporal autocorrelation 

that may occur among repeated measurements (Maceina et al. 1994). 

Sample size was partitioned by four seasons and nine sampling dates with 

five nets usually set in each habitat. In some instances, nets were lost or 

hung on debris. Mixed model calculated least squares means for nets per 
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date, then averaged the value by seasons to account for unbalanced data. 

Least squares means in the mixed model were compared among habitat, 

seasons, and the interaction between the two. Least squares means were 

used to account for skewness due to zero-inflated data. Prior to ANOVA, 

CPUE was log transformed (Log[x+1]) to stabilize variance and meet 

parametric assumptions.  
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4 Results  

Physical habitat  

Sampling occurred on eight separate dates from December 2016 to 

November 2017 for the ACM and Natural Bank sites whereas the 

Secondary Channel site was sampled six times from February 2017 to 

November 2017. Water quality variables were comparable among sites 

(Table 1). Water temperature ranged from 5.5 to 30.8 ÁC across all four 

seasons. Dissolved oxygen measurements were always above 6 milligrams 

per liter (mg/L) and averaged near 9.0 mg/L. Mean turbidity was slightly 

higher in the Secondary Channel site, possibly due to an increase in 

primary productivity, with maximum values for all sites near 100 NTUs 

during high river stages. Winter and spring samples were taken during a 

mostly rising hydrograph while summer and autumn samples were taken 

on a mostly falling hydrograph (Figure 3).  

Table 1. Summary of water quality variables measured in the Island 82 reach, LMR, from 

December 2016 to November 2017. 

 

Habitat N 

Water 

Temperature 

°C 

Dissolved 

Oxygen 

mg/L 

Conductivity 

µS/cm pH 

Turbidity 

NTU 

ACM 8 
     

Mean 
 

15.5 9.7 443.3 7.7 39 

Std Dev 
 

8.7 2.1 43.7 0.5 25.6 

Minimum 
 

5.5 6.1 373 6.9 17.4 

Maximum 
 

30.5 12.7 512 8.6 107 

Natural Bank 8 
     

Mean 
 

15.5 9.8 442.7 7.7 38.7 

Std Dev 
 

8.9 2.2 44.8 0.5 26.2 

Minimum 
 

5.5 6.1 373 6.9 14.2 

Maximum 
 

30.5 12.7 512 8.6 107 

Secondary Channel 6 
     

Mean 
 

18.2 8.7 427.3 7.4 49.3 

Std Dev 
 

7.8 1.9 38.2 0.2 24.5 

Minimum 
 

8.1 6.1 369 6.9 14.2 

Maximum 
 

30.8 12.3 490 8.6 98.8 
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Figure 3.  Hydrograph during the 2016-17 sampling period. Red dots indicate sampling 

events (source: Rivergages.com). 

 

A total of 309 hoopnets were deployed and retrieved during the study 

comprised of 155 3 ft hoopnets and 154 4 ft hoopnets. The mean values of 

the five physical variables characterizing hoopnet habitat locations were 

comparable among sites (Table 2). Shoreline and submerged bank slope 

were slightly higher at the Natural Bank site; depth of net-sets averaged 

approximately 3.0 meters (m); distance to shore was approximately 4.0 m 

on average, and mean surface water velocity ranged from a low of 47 

centimeters per second (cm/s) at the Secondary Channel site to 69 cm/s at 

the ACM site. Maximum surface velocity recorded was 116 cm/s along ACM.  

Table 2. Summary of physical habitat variables measured at each hoopnet in the Island 82 

reach, LMR, from December 2016 to November 2017. 

Habitat N 

Shoreline 

Slope 

Degrees 

Bottom 

Slope 

Degrees 

Depth 

Meters 

Distance 

to Shore 

Meters 

Velocity 

cm/sec 

ACM 100 
     

Mean 
 

44.5 37.8 2.7 3.6 69.2 

Std Dev 
 

11.4 10.9 1.2 2.4 22 

Minimum 
 

15 15 1.0 0.6 14 

Maximum 
 

75 75 7.8 15.5 116 

Natural Bank 97 
     

Mean 
 

54.4 39 2.9 4.7 57.3 

Std Dev 
 

20.4 15.4 1.4 3.2 21 

Minimum 
 

15 5 1.0 0.9 2 

Maximum 
 

90 75 8.8 18.9 111 
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Habitat N 

Shoreline 

Slope 

Degrees 

Bottom 

Slope 

Degrees 

Depth 

Meters 

Distance 

to Shore 

Meters 

Velocity 

cm/sec 

Secondary Channel 112 
     

Mean 
 

44.7 38.1 3.7 4.2 48.6 

Std Dev 
 

27 16.2 1.9 3.8 25 

Minimum 
 

0 0 0.9 0.9 3 

Maximum 
 

93 60 8.9 22.3 114 

Fish community ð Bank relationships 

A total of 26 fish species was collected during the study with 3 and 4 ft 

hoopnets (Table 3). Only 18 species were collected in 4 ft hoopnets 

whereas 24 species were collected in 3 ft hoopnets. Paddlefish and Bighead 

Carp were not collected in 3 ft hoopnets; these large-bodied species likely 

avoided the smaller diameter and mesh of 3 ft hoopnets. The eight species 

not collected in 4 ft hoopnets were American Eel, Shortnose Gar, 

Longnose Gar, Goldeye, Mooneye, Longear Sunfish, White Crappie, and 

Sauger; larger mesh size probably allowed these smaller-bodied or terete-

shaped species to escape. 

Fish community structure differed significantly (Pseudo-F=1.852, 

p=0.045, 999 permutations) among the three habitat types using 3 ft 

hoopnets (Table 4). Pair-wise tests indicated that community structure 

was significantly different between the secondary channel and ACM 

(t=1.6907, p=0.013). Dissimilarity between these two habitats was due to 

greater number of species collected in the secondary channel but not 

found along ACM including Grass Carp, Longear Sunfish, Mooneye, 

Shovelnose Sturgeon, and Silver Carp (Table 3). Average faunal similarity 

percentages among the three habitats ranged 14.1% ï 20.1%, indicating 

differences in overall species composition. However, the typifying or more 

common species collected in all three habitats comprising at least 50% of 

the abundance were Flathead Catfish, Blue Catfish, and Freshwater Drum.  
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Table 3. Number of individuals collected during the 2016-17 study by hoopnet size and habitat. Species are arranged in phylogenetic order. 

 

Fish Taxon 

HN3 HN4 
 

ACM 

Natural 

Bank 

Secondary 

Channel ACM 

Natural 

Bank 

Secondary 

Channel Total 

Scaphirhynchus platorynchus, Shovelnose Sturgeon   1   1 2 

Polyodon spathula, Paddlefish    1   1 

Lepisosteus osseus, Longnose Gar 2 3 2    7 

Lepisosteus platostomus, Shortnose Gar 2  2    4 

Hiodon alosoides, Goldeye 5 2     7 

Hiodon tergisus, Mooneye   1    1 

Anguilla rostrata, American Eel 1 1 2    4 

Dorosoma cepedianum, Gizzard Shad 9 2  4 2 1 18 

Ctenopharyngodon idella, Grass Carp   2 2  2 6 

Cyprinus carpio, Common Carp 2   1  4 7 

Hypophthalmichthys molitrix, Silver Carp   1 37 38 62 138 

Hypophthalmicthys nobilis, Bighead Carp    2 3 9 14 

Carpiodes carpio, River Carpsucker  1 2 11 3 5 22 

Carpiodes velifer, Highfin Carpsucker 1   5 3  9 

Cycleptus elongates, Blue Sucker 1  1 2 1 1 6 

Ictiobus bubalus, Smallmouth Buffalo 4 2 10 19 17 34 86 

Ictiobus cyprinellus, Bigmouth Buffalo 1  3 7 8 6 25 
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Fish Taxon 

HN3 HN4 
 

ACM 

Natural 

Bank 

Secondary 

Channel ACM 

Natural 

Bank 

Secondary 

Channel Total 

Ictiobus niger, Black Buffalo 1  1 4 2 3 11 

Ictalurus furcatus, Blue Catfish 4 14 14 1 6 2 41 

Ictalurus punctatus, Channel Catfish 7  4 2 1 3 17 

Pylodictis olivaris, Flathead Catfish 18 14 32 10 5 1 80 

Morone chrysops, White Bass 4 1 3 5  8 21 

Lepomis megalotis, Longear sunfish   1    1 

Pomoxis annularis, White Crappie 1  1    2 

Sander canadensis, Sauger 1      1 

Aplodinotus grunniens, Freshwater Drum 9 8 14 14 4 10 59 

Total Number 73 48 97 127 93 152 590 
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No significant differences in fish community structure among habitats 

were detected using 4 ft hoopnets (Pseudo-F=1.3416, p=0.176, 999 

permutations, Table 4). Average faunal similarity among the three habitats 

ranged 17.3% ï 21.3%. Silver Carp were most abundant in 4 ft hoopnets, 

followed by buffalo (Smallmouth, Bigmouth, and Black) and Freshwater 

Drum. Abundance of other species was comparable among habitats. The 

primary difference between 3 and 4 ft hoopnet collections was lower 

species richness and the presence and high abundance (approximately 

20% of the total individuals) of Silver Carp in the larger hoopnets.  

Table 4. Pairwise PERMANOVA by habitat type of the 4th root transformed resemblance 

matrix (Bray-Curtis Similarity) of all fish species collected by 3 and 4 ft hoopnets in the LMR.  

3 ft Hoopnets 

Bank Habitats (Groups) T P (perm) Unique Permutations 

Secondary Channel, ACM 1.6907 0.013 999 

Secondary Channel, Natural Bank 1.0443 0.369 999 

ACM, Natural Bank 1.2252 0.192 999 

4 ft Hoopnets 

Secondary Channel, ACM 1.1972 0.231 999 

Secondary Channel, Natural Bank 1.2528 0.156 998 

ACM, Natural Bank 1.3266 0.147 998 

Back-calculated least square means provided the model-adjusted median 

value, which is a more appropriate measure of central tendency for skewed 

data. However, zero-inflated data resulted in a median approximating zero 

in all cases, so mean CPUE was reported in the tables (Tables 5 and 6). 

Statistical significant difference (P<0.05) in CPUE among seasons and 

habitats was denoted in the tables based on results of the mixed model. 

Blue catfish abundance in 3 ft hoopnets was significantly higher during the 

summer whereas there were no significant differences among habitats or 

the interaction between habitat and seasons. No significant differences 

were detected using 4 ft hoopnets. Flathead catfish abundance was 

significantly higher in the summer at ACM and secondary channel sites in 

3 ft hoopnets, and only during summer on ACM in 4 ft hoopnets. 

Smallmouth Buffalo abundance was significantly higher in secondary 

channels during the winter in 3 ft hoopnets. No significant difference 

among habitats and seasons occurred for Buffalo in 4 ft hoopnets 
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indicating their ubiquitous distribution in the LMR. There were no 

significant differences among seasons and habitats for Freshwater Drum 

in 3 ft hoopnets. However, Freshwater Drum were significantly more 

abundant in 4 ft hoopnets in the spring at all three habitat types, and 

maximum abundance occurred along ACM.  

Table 5.  Mean CPUE ± 1 standard deviation of fish species collected by 3 ft hoopnets in the LMR 

during 2016 and 2017. Values with letters in the column are significantly (p<0.05) different 

among seasons within a habitat based on a mixed model ANOVA. 

Habitat Season N Blue Catfish 

Flathead 

Catfish 

Smallmouth 

Buffalo 

Freshwater 

Drum 

ACM Fall 12 0 0 0.07 ± 0.26 0 

 
Spring 10 0 0.40 ± 0.70 0.10 ± 0.32 0.40 ± 0.70 

 
Summer 15 0.20 ± 0.41 0.93  ± 1.53x 0.20 ± 0.56 0.33 ± 0.49 

 
Winter 10 0.10 ± 0.32 0 0.10 ± 0.32 0 

Natural 

Bank Fall 12 0.21 ± 0.58 0.07 ± 0.27 0.07 ± 0.27 0.21 ± 0.43 

 
Spring 10 0.10 ± 0.32 0 0 0 

 
Summer 14 0.40 ± 0.74 0.80 ± 1.61x 0 0.07 ± 0.26 

 
Winter 10 0.20 ± 0.42 0.10 ± 0.32 0.10 ± 0.32 0.40 ± 0.52 

Secondary 

Channel Fall 12 0.25 ± 0.45 0.25 ± 0.62 0.08 ± 0.29 0.08 ± 0.29 

 
Spring 20 0 0.30 ± 0.57 0 0.05 ± 0.22 

 
Summer 20 0.45 ± 0.60 1.15 ± 1.35x 0 0.40 ± 0.68 

 
Winter 10 0.20 ± 0.42 0 0.90 ± 1.37x 0.40 ± 1.26 
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Table 6.  Mean CPUE ± 1 standard deviation of fish species collected by 4 ft hoopnets in the LMR 

during 2016 and 2017. Values with letters in the column are significantly (p<0.05) different 

among seasons within a habitat based on a mixed model ANOVA. 

Habitat Season N Blue Catfish Flathead Catfish Buffalo Freshwater Drum 

ACM Fall 11 0 0.13 ± 0.35 0.47 ± 0.52 0.20 ± 0.41 

 
Spring 10 0 0.10 ± 0.32 0.60 ± 0.52 0.70  ± 0.82x 

 
Summer 15 0.07 ± 0.26 0.46 ± 0.52x 0.53 ± 0.74 0.20 ± 0.41 

 
Winter 10 0 0.00 0.90 ± 0.57 0.10 ± 0.32 

Natural 

Bank Fall 12 0 0.08 ± 0.28 0.38 ± 0.65 0 

 
Spring 10 0.20 ± 0.42 0.20 ± 0.63 0.80 ± 1.14 0.30 ± 0.67x 

 
Summer 15 0.13 ± 0.52 0.13 ± 0.35 0.47 ± 0.92 0.07 ± 0.26 

 
Winter 10 0 0 0.70 ± 0.95 0 

Secondary 

Channel Fall 11 0.09 ± 0.3 0.09 ± 0.30 0.82 ± 0.98 0.18 ± 0.40 

 
Spring 20 0.05 ± 0.22 0 1.00 ± 1.03 0.30 ± 0.57x 

 
Summer 20 0 0 0.45 ± 0.69 0.10 ± 0.31 

 
Winter 10 0 0 0.50 ± 0.71 0 

Bighead Carp were collected only in 4 ft hoopnets, and except for one 

individual, all Silver Carp were collected in 4 ft hoopnets. Bighead Carp 

abundance was significantly higher in the summer, but no differences 

occurred among habitats (Table 7). Bighead Carp were not collected 

during winter and spring. The highest CPUE for any species occurred for 

Silver Carp during the spring along ACM. However, abundances among 

habitats were not significantly higher, but were significantly higher in 

summer and spring. Silver Carp were mostly absent during the fall and 

completely absent during the winter.   
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